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Annomauua: Llenbio uccnaedoeanua AgIAeMCA UZV4UeHUe BIUAHUA MexHOMO2U4eCKUX Napamempo6 Ha 
npoyecc Kpucmanjluzayuu x1opuda Kalua U onpedeneHue ONMUMAbHbIX yclOBUul nNoMyYeHUA XNOpUuda 
Kalua eallypeuueckum cnocobom oboeaiweHua HUu3KOCOpmHOzo culbeunuma TrobezamaxucKozo 
MecmopoocoeHuaA. 


Kirouespie cnoea: pacmeopumocme, coomnowenue meepoou u a#cudKOU a3, CycneH3uA, MemMnepamypa, 
6PeEMA, KDUCMANNUZAYUA, HUZKOCOPMHbIU CUbeUHUM, BOO. 


BBEJIEHHE. 


TroOeraTaHckoe MecTOpoxKyeHve KasIMiHbIxX cose pacnomoxKeHo B JiexKaHaOaycKOM paifoHe 
KauikayappuucKoi oOsactu, B 75 KM K tory oT r. Ty3ap uw mpHypoueHo K 10ro-3allaqHbIM OTporaM 
Tuccapcxoro xpeOra. MectopoxyeHve paciomoxKeHO Ha rpanuile Y30eKuctana u TypkMeHuctaHa, u 
pa3yqelaetca HorpannynHon pexoli Lopzapea [1]. 


TroOerataHcKoe MecTOpoOxKAeHHe MMeeT TMOBBbILIeCHHOe COsepxKaHHe HM3KOCOPTHOTO CHJIbBHHUTA. 
TloBbiueHHoe cojepxKaHve HU3KOCOPTHOrO CHJIbBHHUTa IpHBOJMT K HH3KOMY TlOKa3aTeyIKO KayecTBa 
TIpowyktTa uv KooppuLMentTa U3BIeUeHHA OCHOBHOTO KOMMOHEeHTA - XOpH a KasIMA, a TaKKe TPYAHOCTU 
ylipaBsieHHa TeXHOOrMyecKHMH poreccamu [2]. B cBa3H Cc 9THM, poOmema mepepadoTKu 
HU3KOCOPTHOTO CHIbBHHUTa TroOeraTaHcKOro MeCTOPOXKACHHA ABJIACTCA AKTYAJIbHOM Id KasIMMHOTO 
TIpeupHATHA. 


B jaHHow padoTe Upeyyaraetca rasypruueckuii cnocoO oOorallleHHa HV3KOCOPTHOTO CHJIbBHHUTa 
TroOeraTaHckoro MecTopoxzeHna| 3-4]. 


Meroabl WH MaTepHalbl. XuMMYeECKHH aHalM3 WpoBoswica mo MetoguKe [5-9]. Onpegeenne 
COjepxKaHHA HOHOB MarHHA UM KasIbIMA OCYLIeCTBIIAIH OOBEMHbIM KOMILICKCOHOMeETPHYeCKHM MeTOOM 
THTpoBaHHaA TpwioHa b B MpvcyTCTBHH WHAMKATOpOB xpoMoreHa 4epHoro Hu MypeKcnya [5,6]. 
OnpeyeseHve coyepxKaHHaA HOHOB Kalua MpoBOAMIM TeTpadeHus-OopaTHBIM MeTOJOM HM MeTOJOM 
IulaMeHHou dboTomertpuu [7-9]; HOHOB HaTpHA - MCTOAOM IIaMeHHOM POTOMeTPHH UM pacdeTHBIM IlyTeM 
[7-9]. CoqepxxaHve xopa HoHa onpeyemamH MetoqoM Mopa [7], a cyIbbaT HOHA BeECOBbIM MeTOJIOM B 
tbopme BaSO, [8]. Onpezemenue MaccoBoi JOM HepacTBOpHMOTO B BOJe OCTATKA B CbIpbe H MpOAYKTAaXx 
OCYINeCTBIIAIM TpaBHMeTpHuecKHM MeTOJOM [7], KOTOpbIt OCHOBaH Ha OTJesIeHHH HepacTBOpHMoro 
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OcTaTKa IlyTeM (PHILTPOBAHHA PacTBOPeHHOM aHaH3upyeMon MpoOb! HM MoOcIeAyIOWeM BbICYLIMBaHHN U 
B3BeLUMBaHHH MOyYeHHOrO OcalKa. 


PesybTaTbI wu oOcyxKeHMe. bai MpoBeeHbI OMbITEI MO BUIMAHHIO TaKHX TeXHOJIOrH4eCKHX 
TlapaMeTpoB, KaK: BPCMA, COOTHOMeHHe TBEPAOM UH %*KUAKOM (:ba3, TeMMepaTypbl HW CKOPOCTH OxIAKTeHHA 
Ha TIpolecc KpHCTasWIM3aluu XOpHAa KaJIMA 3 pACTBOPOB HH3KOCOPTHOLO CHJIBBHHHTA. 


OKCHePpHMeHTE! MpOBOAMIMCh ciezyIouMM OOpa3om. JIA pacTBOopeHHaA HU3KOCOPTHOTO CHJIBBHHUTA B 
TepMocTolkyro KoNOy EmKocTbIo 250 MJI HaMBasIM pacueTHOe KOM4eCTBO BOE. Koa HarpeBasiacb C 
TIOMOMbIO IWIMTKH WO TeMiepaTypbl 100°C. Jo6apnan pacueTHOe KOJIMYeCTBO HH3KOCOpTHOrO 
CWIbBHHUTa HW B TeYeHHe 5 MHHYT NepeMeluMBaJIn. 


B taOmuye | mpuBeyeH xHMH4eCKH COCTaB HCXOJHOTO CbIPbA, HCIIOJIb30BAHHOTO B KayeCcTBe OObeKTAa 
MCCJI€OBaHHA: HA3KOCOPTHOLO CHJIbBHHHTA. 


TaOsmua 1. Xumuyeckuii cocTaB HCXOHOLO CbIPbA 


Hanmenosanne oOpa3ila Coyep>xannue, macc. % : 
KCl NaCl MgCl, CaSO, H.o0.m gp. 
Hv3kocopTHbIit CHJIBBUHUT 18,3 68,5 1,51 0,68 11,01 


IlomyaenHyto cyciieH3ui0 OTPUIIbTPOBaIM Ip TeMiepaType pacTBopeHuaA WM OTeIMIM pacTBOp OT 
muiaMa. bbw olpeweyeHbl Macca WwiaMa pacibone. Topauui MaTOUHbIN pacTBOp CO CKOpOCTBIO 
0 0 0 

3°C/mun, 6°C/mun, 10°C/mun oxnaxgam yo 20°, 30° u 40°C. 


B mporecce oxaxJeHHa BbINalaiu Oelbie Ipo3spadHble KpuctTaswbl. OcayoK OTPUIbTPOBaJIM Ha BOPOHKe 
BroxHepa c quamMeTpomM 93MM oy, pa3ps»%KeHHem 0,5 Krc/em?. Bpema dusbprpaiwn mdukcupoBaocs. 
Tpepyas (ba3a Oblia BBICyINeHa UM OlpeyeseH BbIXOZ MposyKuMU. Maccopble COOTHOMeHHA CHJIBBHHUTA UH 
BOJIbI B 9THX OMbITAX BAPbUpOBaIINCch B Upesemax 1:5, 1:3, 1: 2,5, 1:2, 1:1,5, 1:1. B rabmmye 2 mpuBezensi 
Pe3yJIbTaTbI IKCIICPHMeHTOB. 


Ilo pe3yibTaTaM 9KCHepHMeHTOB IPH pacTBOPeHHU HV3KOCOPTHOPO CHJIBBUHUTa BOOM pH TemMiepatype 
100°C u coorHomenuu custbBuHuT:H»O =1:5, 1:3,1:2,5, 1:2, 1:1,5 u 1:1 coorHomennue TDK B cycneH3HH 
uMeeT 3HaueHna 1:9,72, 1:5,97, 1:4,83, 1:2,76, 1:1,73 w 1:1,19 coorBercrBeHHo. Lam, oOpa30BaBlIniica 
IIPH pacTBOpeHH CHJIbBUHUTA B BOe PUIbTpyeTca B TedeHHe 2-3 MUMHYT. 


OKCIEPpHMEHTAIbHO YCTAHOBJICHO, YTO IPH MaCCOBOM COOTHOLICHHU CHIbBHHUT:H 20 paBHom 1:5 u 1:3 
He3aBHCHMO OT TeMIlepaTypbI OxakKeHHA He OOpa3yroTcaA KpHcTaIbI. Kpuctamib oOpa3yrotca mpu 
COOTHOMeHHAX CHIBBHHUT:H,O=1:2,5, 1:2, 1:1,5 u 1:1. [pu stom c yMenbueHvem cooTHomeHua TK 
oT 1:1 go 1:1,5, 1:2 u 1:2,5, cooTrBeTcTBeHHO yBeuM4NBaeTCA BEIXOT XOpuya Kaa OT 13,5 qo 17,9, 19,5 
wu 21,2 % (raOsuua 1). 


Pe3yiIbTaTbI MOKAa3bIBaIOT, UTO CHWKEHHe TeMIepaTypbl OXxaxKIeHHA TakKKe MPHBOAMT K YBeJIM4eHHIO 
KOJIMYeCTBA BBIMABLIMX KPHCTAaWJIOB, COOTBETCTBCHHO YBeJIMYCHHIO BbIXOa xIopufa Kalua. Tak 
HalIpHMep, pH MaccOBbIX COOTHOWCHHAX HH3KOCOPTHOrO CHJIBBHHHTa HM BOJbI paBHbix 1:2 u 1:1 mpu 
TeMIlepatype OxJlaxK,eHHA 20°C MakcuMasbHBIit BBIXOL xlopHya Kasua coctaBsiaeT 19,5 u 17,9 %, ac 
yBeJIM4eHHeM TeMIlepatypbl OxaxKTeHHA JO 30°C Bprxoy xlopliyja KasIMaA yMeHbluaetca WO 18,5 un 17,1% 
COOTBETCTBeEHHO, a yBeJIM4YeHHe JO 40°C IIpHBOAMT K YMeHbINeHHIO 3TOTO MOKa3aTesaA WO 11,67 u 15,3% 
COOTBETCTBCHHO. Taka %Ke 3aKOHOMePpHOCTb HaOsogaeTcd HM pW MaccOBbIX COOTHOICHHAX 
cumbBMHUT:H20 1:2 u 1:1. HanOonbmiee kommuecTBO KpMcCTaJIOB BbIlaqaeT pH MaccOBOM 
COOTHOLUCHHM CHIbBHHUT:H2O paBuom 1:2 npu TemmlepaType oxaxKeHHA 20°C. 
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TaOsmua |. Brianne TexHOsIOrM4ecKHX MapaMeTpos Ha IIpollecc pacTBOpeHHA HA3KOCOPpTHOTO 
CHJIBBHHUTA B BOJe 
Ne | Cootuo | Cootuome | Temme CkopoctTs CootHome | Bsrxog, CkopoctTs 
IWeHHe, He, patypa | oxmaxyeHua | Hue TDK B % (pusbTpa 
CHJIBBU miaM: OxJIaK : cyciieH3HHu Hu 
HUT pacTBop yeHHA, °C/mnt lIpu KPHCTasIOB 
:H20 “C KpucTasuin ,kr/My 
3allnu 
1. 20 3 1:46,33 19,5 2201,48 
2. 6 1:53,94 16,8 2559,41 
a 10 [7,79 157 2441,22 
4. 1:2 1:2,76 30 3 1:50,28 18,5 2125,12 
ny 6 1:57,05 15,9 2216,17 
6. 10 1:60,13 15,1 2123.52 
a. 40 é 1:54,27 16,7 2232,56 
8. 6 1:61,37 14,8 2123.25 
2: 10 1:63,55 14,3 2899,54 
10. 20 3 1:38,88 13,5 2302,47 
11. 6 1:44,24 11,9 2657,51 
12. 10 1:47,51 11,1 2543,02 
13. ial L119 30 3 1:40,42 13,0 2028,52 
14. 6 1:47,55 11,2 2309,16 
15. 10 1:50,77 10,4 2256,63 
16. 40 3 1:44,63 11,8 2489,51 
17. 6 1:54,51 ot 2899, 12 


B pe3yiIbTaTe W3yYeHHA BIIMAHHA CKOPOCTH OxJaKeHHA Ha Tpollecc KpHcTaM3alHH xXOpHya Kana 
T10Ka3aHO, 4TO TIpH OxaxKeHHU pacTBOpa, NOJyYeHHOrO Ip pacTBOpeHHH HU3KOCOPTHOrO CHJIbBHHUTa 
BOOH Ip COOTHOMeHHU CHIbBUHUT:H2O=1:5, 1:3, 1:2 u 1:1 u Temneparype 100°C, coornomenue T:2K 
B CYCIeH3HH KOeOeTcA B MHTepBamax 1:51,61-1:71,12, 1:46,33-1:63,55, 1:39,82-1:58,41 mw 1:38,88- 
1:57,52 cooTBeTCTBeHHO (TaOsuIAa]! ). 


0 
Vs pu 9TOM W3MeHeHHe CKOpOCTH OxaxKeHHA OT 3 Wo 6 u 10°C/mMuH yMeHBIaeT cooTHOmeHHe TK B 
CYCHeH3HH Ip KpHCcTasiM3alnn. 


TakuM o0Opa30M, B KaueCTBe ONTHMAJIbHbIX TlapaMeTPOB MOX%KHO IIpHHATb cooTHOMeHue T:K=1:5 u 
CKOpOCTb OxJIaxKeHUuA 3 -6°C/Mun. 


Kak [OKa3bIBalOT pe3yJIbTaTbl, BCJIECTBHe PaCTBOPpeHHA HH3KOCOPTHOrO CHJIBBHHHTa B BOe TIpH 
cooTHomeHHu 1:2,5, 1:2, 1:1,5 u 1:1, c MoHMKeHHeM TeMMepaTypbl KPHCTaIM3alHu Oo 20°C uc 
YMeCHbIIeCHHeM CKOpocTH oxlaxyeHHaA oT 10,0 yo 3,0 °C/mmHt TIOBBIMIaeTCA KONMYECTBO (bpakuun 
+0,25mmM fo 50,2%. Cambie BbICOKHH ToKa3aTeb dpakunu, +0,25MM, HaOsrOaeTcA pH cKOpocTH 
oxmaxkgenua 3,0 °C/mun. 


OKCIePHMeCHTAaIbHBIM ITyTeM YCTaHOBJICHO, YTO C TOHWKeCHHeCM CKOPOCTH OxJIaKeHHA KpvBad 
W3MCHeCHHA KOJIM4eCTBa YaCTHI, pasMepom -0,1 MM IIpoxoaqHT Yepe3 MHHUMYM, KOTOPBI COOTBeTCTBYeT 
ckopocTu oxmaxyeHua 3-6°C/Mun. Cambri BBICOKHii TOKa3aTenb dpakuuu -0,1MM, HaOmogaeTca mp 
ckopocTu oxjaxyeHua 10,0 °C/mm. 
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AHaJIH3 Pe3YJIbTAaTOB MOKa3bIBaeT, 4YTO IWIOTHOCTb HU BA3KOCTb CYCICH3HM CHVWKaIOTCA C MOBbILICHHeM 
TeMIepaTypbl HM MOBbILMAIOTCA C CHHDKEHHEM COOTHOMeHHA TK. ITO CBA3aHO C TEM, YTO C MOBBILICHHEM 
Temilepatypbl, Gomee 40°C, nopbiiiaeTcs pacTBOpHMOCTb XJIOpHa Kalua. 


TakKuM oOOpa30M, H3 pe3YJIbTaTOB 9KCIICPHMCHTOB YyCTaHOBJICHO, YTO IJIOTHOCTb CYCIIeH3HH, 
IIPHrOTOBJICHHOM Ha OCHOBE BOJbI H HU3KOCOPTHOrO CHJIBBHHUTa MeHsetca OT 1,1754 r/em® qo 1,3233 
r/o’, a BA3KOCTb CyCIleH3HH MeHsetca OT 1,2764 r/om? 10 10,8445 r/om?, 


3aKko4ueHHe. Takum o0pa30M, TIpoBeyeHHbIe HCCIeOBaHuA MOKa3bIBaIOT, YTO IIpH TemMIlepatype 
pacTBopeHua 100°C HH3KOCOPTHOTO CHJIBBHHUTA B BOe HaWOOsIbIllee KOUM4eECTBO KPHCTAIJIOB BbIMAaaet 
IIpH MaCCOBOM COOTHOLICHHM CHIbBHHUT:H2O paBHom 1:2,5 pH TemMMepaType oxsaKeHHA 20°C, u 
CKOpOCTH OxJIaxKeHuA 3-6°C/muu. 
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